Differences in Morphometric Measures of the Uninjured Porcine Spinal Cord and Dural Sac Predict Histological and Behavioral Outcomes after Traumatic Spinal Cord Injury.
One of the challenges associated with conducting experiments in animal models of traumatic spinal cord injury (SCI) is inducing a consistent injury with minimal variability in the degree of tissue damage and resultant behavioral and biochemical outcomes. We evaluated how the variability in morphometry of the spinal cord and surrounding cerebrospinal fluid (CSF) contributes to the variability in behavioral and histological outcomes in our porcine model of SCI. Using intraoperative ultrasound imaging, spinal cord morphometry was assessed in seven Yucatan minipigs undergoing a weight-drop T10 contusion-compression injury. Bivariate and multi-variate analysis and modeling were used to identify native morphometrical determinants of interanimal variability in histological and behavioral outcomes. The measured biomechanical impact parameters did not correlate with the histological measures or hindlimb locomotor behavior (Porcine Thoracic Injury Behavior Scale). In contrast, clear associations were revealed between CSF layer morphometry and the amount of white matter and tissue sparing. Specifically, the dorsoventral diameter of the dural sac and ventral CSF space were strong predictors of behavioral and histological outcome and together explained ≥95.0% of the variance in these parameters. In addition, a dorsoventral diameter of the spinal cord less than 5.331 mm was a strong contributing factor to poor behavioral recovery over 12 weeks. These results indicate that interanimal variability in cord morphometry provides a potential biological explanation for the observed heterogeneity in histological and behavioral outcomes. Such knowledge is helpful for appropriately balancing experimental groups, and/or varying impact parameters to match cord and CSF layer dimensions for future studies.